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Effect of high temperature and excessive light stresses on PPO activity in apple

peel

ZHANG Jian-Guang, CHEN Shao-Chun, LI Ying-li, DI Bao, ZHANG Jian-Qiang, LIU Yu-Fang
College of Horticulture , Agricultural University of Hebei, Baoding 071001, China
Acta Ecologica Sinica 2007 ,28(10) :4645 ~ 4651.

Abstract; Apple fruit sunbumn is a common disorder and one of the distinguishable symptoms is that browning color appears
on the exposed side of a fruit. It has been taken for granted that PPO is absolutely involved in the browning process of plant
tissues or organs under stressed conditions. The present experiment was conducted to examine the effect of high temperature
and excessive light stresses on PPO activity in fruit peel under both laboratory and field conditions, so that the relationship
could be disclosed between the occurrence of fruit browning and PPO activity in peel tissues stressed by high temperature
and excessive solar radiation. The results indicated that a close relationship was found between the stressed extent of both
high temperature and excessive light, and PPO activity in apple peel. As far as different exposures of a tree canopy were
concerned , the highest PPO activity existed in exposed fruits on SW exposure where they were frequently stressed most
severely. Within a certain range,, PPO activity in fruit peel increased gradually with a rise of temperature and light intensity
and an abrupt temperature increasing could result in a dramatic growth in PPO activity. Under the same high-temperature
stressed conditions, a higher relative humidity was favorable to inhabiting PPO activity in fruit peel, thus reducing the risk
of heat-related damage. The results consistently confirmed that the browning process of sunburn fruit was associated directly

with the significant increase in PPO activity in fruit peel.
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ERRILHEREMELMERRE, BEAANSREEBENRCE TREARARENEMENMIERE
KU B HEEREIRE 2R, B W EERE 2 — R R 7E 5 SE R PR A, AR K MR W R SE I RS R A
B, —BAh, 2By E4LEE(PPO,ECL. 14. 18. 1) AWK 4 H BB A BN R AR & B, 5
HEYE RS HFIIMEX. RHESEYZ IV KRG BRE RS, PPO RBREAELAR S 0, R EAMR
DETE B , (R AH AR R AR 7R, LB IE B R e iR PR RE . RE—BRERD e ARBEMETH
B, BT PPO 5REXRNIRLELE N MRAB TR, BIRm. 55 FE HELREwEE
R T PPO fALMEHERAS TS ', R, 24 NIEER RS H BB TR S PPO B LI X A& ¥
AEE, AR EHWETER SR R8T 3R R PPO [EHAMEL KB R & SEEER X
R, UM RS R ABIRE B T b6 M 1R A A K18
1 HRE5H®
1.1 ¥

BRI T 2005 ~2006 AR LM K2E AL FR R E SR LR E AR E T HW XLERE H#TT. 54
M 10 FEH 41 E + (Malus domestica Borkh. cv. Red Fuji) 3R, B AR B /\REE, B ERITE N 3m x
S5m, &REXEE BT MERAE HSGER, BT IR, AP RELRAGREF KE—B W
ShE ERER B oA S MERE S RER
1.2 HRENE
1.2.1 FHEARFE AR LA KM B

e 3 MR R, KB S AEAR , ZE W S AR F3 (SE) \Fa Fd (SW) (FadL(NW) F1 &R L (NE) g4~
FrRIBEMITE 1. Sm ZEA5 BRI L, & 064% 3 MRSE, B 4b, 7EMEE A B (IC : Interior canopy ) J6 ELHE % 5
ERO e 3 R, ARBEENT By, L5 3 MEXR,H 3 X 8:00 ~15:00, 48 FHk B AR IR
(5. IM222) , 4558 1 h JE BT WSS 54 b2 TR (B FI A RSN SR T ) , A IR 3T (B S PES1332A)
SERECREE, FiHT T L R SRR R,

1.2.2 WEARFARIEFRE PPO EHHLE

ERBEEEN T REEED 3 MER, TE 3 X 15:00 FEBUAFIH A B9, 4 B SLie =, 57 AP HilBUR 32
FHE R (AR EE LEREDESRALAN,BEHHR0.5~1.0 mm, F[E]) A -72CKFE PR EEE,
A3 ANRE,BE 3R, RERABILX AR, REERNEEFEZRRABERFTERZNR (T
&) o
1.2.3 AFHEERERIRE PPO FHE LK

7E 8 R #EIEH R (N:normal fruit, JGHFAEIR)  EH4L H 5253 (B: bleaching fruit, 5 f7 B 484k 2F 1 ) 1
75 H 585 (S: sunburn browning fruit, 5 fZ B84 ) & 9 A, H#F FI L8 %, 57 RP I BCEA tHRAER B SR LR B,
A -2CIKAEPBHEE, B RAT2EINRIT, 8 ME 3 AARE,BERE 3K,

1.2.4 AEREAAERIFRRE PPO EHHE

7 BEER/NYS) K E—BRBRR, REEG™, BRESHET 25C . 35C 48CH 55CKBM
W, fEIRAL S 20 min, IEXACHERTHT MG, YRERE AR TE B ER F T, AEIRPHEZ S
MRAL(BS . TH-74, EWRBAIR) Sl MR LREERE. KERATLEIEITT, 804083 AR
SL,EEIWREZERTHEL LG, HIBCREHERE, A - 72CkEH R EE .

1.2.5 AFEFEEXRIRE PPO FHiE LK

8 AHEI/NS KBS RR, ARERGT, BERRKBRAE T . A5 LUT 3 #. (1) BiEH

WRARF(T, ) : RIEFE 5> 4 Hiph 30CFHZ 48C (30T —-35C—40C—48C) 5 (2) HEFHRAE(T,) : RER
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FE43 2 Hp 30C THZE 48°C (30C—48°C ) 5 (3) WeahTHRALIE (T, ) SRSB4 4 ¥ 30°C F+Z 48°C (30C—
45C—30C—48C ) , T, fl T, ALFRAF FIZEH 24 h, AbFERARHR , 3AF) 30°C ,35C 40C B 45°C s AR H , 16
¥ 4 b, BB AR (48°C ) B, 1 20 min, ToIAACIHASIE] KRN R RS AR, 0 T, A0, 4 2
A SR 2 IR SEI AT 20 3 b 53 min, oA {57E I A IF] P SR SCELRE BRUR LB T SR . BT
AT (T, ) B 8 h, (AR 27E 30°CIEIR 4 h /5,74 3 h 40 min 5 30C I+ 48°C ,4RJ5HIR 20 min, Ex
SO FERTHEAT TR EL, YR SR F s P T IR B T A B o A T R o P 26 A RS W ) SR S 2R T MRS
R R A ARENR, SO 3 AMRE, BE 3 R AFETHE 1 h 5, MIBUR M@ R, A -72C
KA S R E E o
1.2.6 AEEELERIFRRE PPO EHILE

8 VRIS — BB RS, B TR AT P (B2 . DI302A, MR INE A FRATEM A A
FER) o AFEIEEE K 30°C A1 48°C , HIRHE 43 BIVE 72 30% A1 70% , AbFEAS A K 2 b, ZEALELE P FZ
ARENATR SRR, FRAAHAETRACE, YRR PSR e, ABSHE, Bl
R, EEETHE b G, LHNBURSHE R, A -2CHEh e EE. RBRAT SR,
HAAHE 3 AR, EE 3 W,
1.2.7 REDEEMEEAILREEE PPO 4k A

7 B4y, 3R v B A B SRE AT AT 3 FhAbEE . 245 (BC : black cloth) | FH® ( SN : shade net) F % B8
(full sun) , 7ZERER, BEAFEPEA AR, T 12:00 ~ 15,00 12T A ACRIRIE, D E Rk R R
SEHE R LIRS BEAE N 100% , BAT AT < 5% , 0 B ALFEL J 70% . 1500 FEUR [E1 7 3 (9 5.5, 4 I8 52
WE, EEETHE LS, MBRSHEERE, A -12CHE TR %ER. KRR ERT, 84
4038 3 AR, EE 3K,
1.3 PPO MM & ik

TESWKE R TE BT E Y s, BURSFE 0.5, i Sml 0. Lmol/L BEERZE wh ¥ (pHG. 8)
2, VKV EES , 10000 r/min ¥R B0 25min (4°C) o _EIEW AR, B 0. Lml ZR0U%E, A 2ml 4% —
B 2ml BEPRZE MR ; 5 LRI , HEAT 55 Sh— L 25000 B AT A0 TE R BB ) , 7 25 1S B, FF LA pH 6. 8 BERR
ZWRIAR,37CIRIE S min J5, F 420 nm FIE OD B, BEEHAEEFGMTEREEW 0.01 H— B
¥% 77 8437 (U/ (gFW -min) )

B (0.01/(AOD *min) ) = AOD/0.01¢ x D

B HYE 7100.01A0D/ (gFW +min) ] = AOD/(0.01FW+¢) xD

2 h, AOD 4 S RiE IS Bk, FW R ST, ¢ WRNIBHE], D WRRARs, BDRELAY s
W S 2R 5 R B TR B R
2 BREHHF
2.1 REERE N REREERE B HRRE A

RHEAR R AT S , RER R — KPR
RECERAZR(E 1), 10:00 ~15:00, FEE R DK
£ RO BTASAL AR L IR P R B SRS R AE 1 it
LREMH, HE 1 TUEH, 10:00 ~15.00, FEEH
RS, RS LI, RRERE BB LI O e
B AR PR LSRR TE 1400 BHATI B AL , BE /S TF
14 F M5 T PG B ] SR SR TR H07E 1500 A 35 B
Kfti, WEHETTLLEH, 10:00 ~15:00, FHEE A [ 5
SEFR TR b FHIR B K T R iz, Wi ELM 1200 FF

O ZFSE BRI Ne myPiREi SW SPGiL NW O Py IC

SR mEE(T)
Fruit surface temperature

Bl EARRED AR R B iR
Fig. 1 Comparison of fruit surface temperatures among different

exposures by time course
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HRRERERE —ERFRE . B—RXPREREENRERET S, A5 7 6LR 52 A K BN/NEIIF PR K
v P9RE > ZRKFE > Pk > ARAL > P, BE L, R — 8 ERRSE, BT —RPEZRKHBR N EEAR,
FHRELREREAEKRES

el — AR AN [R5 o2 B R SE B 2 i e R e B R R A 57 (& 2) 5 10:00 ~11:00, W AR B 77 i R 4%
SZHEHRGREEBER,11.:00 B4 410 W/m®, 3 1200 73 e A1 PG R 7 o7 SR S B B2 O O FRGR BE SE M ), T DA 7
BT B  , 031 515 W/m* 1 519 W/m*, FfJg 12:00 ~15:00 B 59— B I P9, R B AR Jb T SR s
S2 IR R B R A 1) B HE RS 06K, T P R AP AL T I AL S . i T BRR S R B R, AU,
JERGR TR B B K, — A TEAKF . —RK, DU v B 77 ol SR S B B 32 B D6 IR 58 B O B
W, A B mTHAMITAL . [FI, VG R 7 1o o S 5 F AR R B v TRl HeAt 7 oo o e I, AR FROEA
BRI RS, E— R IriZ et MR AR, A S BRELRMRERERRER. TEhAREEZ
B R B B, SRR R B R , W RAE b R At e & A K B K,
2.2 WRARTNRER B PPO T HLE

BB 3 LA, REARF SRR EHR PPO EHA BEER, Hd, AEyuiesTH e,
T, iR B K, RIS PPO R HLHE 4 N5 (ALK F39{E ) 20. 86% o ABARSLZR K2 PPO (&5
REEEIEIR 20 A A0SR SR R R AR — 2 B A SR, W 5e o 32 e i A 3 e a8 AR B R 5 oz, R SE R LA
i PPO {EMEAERIIESE . T4 B HRRE— B R AW BT A, XEE/RE TS RKERE A
AT PPO KRG HA —E M NTERR R,

B &A@ SE B4t Ne mPEI SW S HJb NW O AR IC < A
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I3 IIE\ E% E§ E§ E§ LN oz

Sa0HER [EAN ERL IER (ERL [ER E 50k

5 [ E § E \glE: li: il Al =

2 100 H:8 E N s\l E\I =\I E\I 3

sonl BRI R S o | | | | |

10:00  11:00  12:00  13:00  14:00  15:00 & AREiSE FILNE PRI SW PdE NW A IC
A ] Time 458 75 . Exposure

B2 WEA R AR LA R BR300 R B g B3 MEARFETALRIR K PPO FE LR
Fig. 2  Comparison of solar radiation received by fruits among Fig. 3 Comparison of PPO activity in fruit peel from different canopy
different exposures by time course exposures

2.3 A[E H e B R R PPO M Ha

AF BB B R LR F PPO {E A BEAR (B 4) . SIEHFM L, B4R AIEZER P PPO FHHEER K
B EHER , U R AR H PR SRS PPO TR R, AL EAb OB R BIZL . MEHRT LB, 5 AR
FH W ZE R PPO TE A Bk, JRE T RER B TRZSAER B BUE , RNRYZ Bre/> , i 5 PPO“ R
W ERE XY, Bk HEE, —BRIERE H B AL, BE 1 ~2d WERERE, i EX2— AT
W, AT AT . ZE 4LBY B, PPO B Z AR A B R MAR TS, 25T KENHEY R
A A EREY R R, BRR FERTH I,
2.3 AENREAFEXTFRIFRE PPO E LN

AR AL BT R LR PPO {EM AR KEm (B 5) ., E—EREHEMN (25 ~48C) , A HEIR
BFE, BnafERsg R, PPO {EEEA B35, AR BIR 8 &K F. BnRBERET T, ¥k T 55Cat, #45
FAERE A I, i) PPO WM 2 PR, SREREN, R 5ERMNET PPO Hik KIEE RS
WELABTERR,
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Fig. 4 Comparison of PPO activity among different types of sunburmn Fig. 5 Changes of PPO activity in fruit peel under different high —
fruits temperature stresses

2.4 AFEFHERAXTRIEZES PPO KRN

AR FHEE AR L3R K PPO E R BB E WA 6 fran, 3 fFHEEK PPO KTE M B & TR,
BB & 2 5K, RESTHEACL B (T, e R R K PPO 1S B E A, HBIMARREHRZEE
Yitesss , RN THRIT IR, A 5 KRR H R XS 547 BRI BRE -3, M T 2 RAAHER
LR LR, TR R RRR N SRR, R A — 2 B E LA T
FREX R R R PI4L , BT PPO &M PR
2.5 RFEDEIGERBEXHR IR PPO 15 AR L R

ARG 5 BE X SR IR B2 PPO TR AR LB ANE 7 7R 3 A FALER PPO 15 M BB (L B— FE
SR B BN , BT PR LR e 5R , 7E BAROE T AREEROR SR B PPO T s b A R A 12 PR AL B S 25 (8 53
A 37.95% 1 26.37% , LA XD ZR BE K. WHBEETLIES PPO SRR, BTREARSSE
JelpaA HEC R, BTLL, BEICHERT . PPO T M T RN - 55808 T REEZEEEM K
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a
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= C
#a #oO150F ¢
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0 CK TI T T3 27 BC HERHR SN 2R FS
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El6 ARFHRERRIRE PPO HEEL B 7 ARDEEEERERE PPO EHE L

Fig. 6 Changes of PPO activity in fruit peel influenced by different Fig.7 Comparison of PPO activity in fruit peel at different light intensity

temperature-rising modes

2.6 AENREXREFRE PPO FEHER M
TR —BEAM T ,PPO F5M:FEIR BE Y 38 0 i B ; i 72 [F] — I8 B &4 T, PPO T35 1 [ 8 B8 #1938 in i |
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AY,30% AL PPO S AB R EME, LREEREELEER 29. 82% ; LR E 30CAHES
32.98% ., X5&EFLBET, TREEAB TREASKE HENHASZBEYAK,
3 itig

3.1 FRELALWES PPO HHEM LR £l I
—#A ), PPO SHMIMBHERESIME, #5 oZ | O b

SHZENRENEABELRDY , kg As 2 s |- :

FIVRLEE AL 1R R bR, R e B B (35T A1 T 2 T

40C)F,M 5 PPO EHBE A, BB AL § 0 ! ! | |

PEIBE ST LM RREHEE, AR, BE T T T e

B 552 H RS S5 S BT B PPO TS M2 LA 18

PIBER. BORRSH BB RORETS , PPO &tk E M8 RPHRRAALER SRR PPO L

Fig.8 Comparison of PPO activity in fruit peel at different

BmE, AR, AR REHIARS] . — BB T,
R SOt R ba R R, B4R PPO AT BT,
BRI TAGALRE B RA Lia s —ERE , 1 & FERERR I RE A, RERTBEEHT
LAEMER PPO EHERTHE S B i T AARERAE F BR AR AR A H IR — A T g 72, BUmt 3 F By AL 5728
REBRANEH. ik, SEAMUEREARRRRMELHE T, RIEEAE R AR PPO 15 AR LRI 518
R, RN R LR A H LR AL AR P, PPO AL By S AL SN Y B IR A0 22 B T R B AIBR ST . IXHF , A RESE A 2
WEEERN AT RES Tk,
3.2 PPO FEHIAT S¥h FEHB

EARREY BB A AR BOR T LU PPO B TS , A T R IR SR ol 2 o e
9 22 ST A P AL B T B AR ARV T 1) PPO 5, W BIIE AR E EFHY . ARB WA, B
RPN, B SRR — E AR B PPO YA, XEOB AR BRI SR T Ok R T AR,
4h, B4R PPO fEHIE MR E M BEARK R A SMRI MR . AR H kKRR g%
BRSSO RIA FVE Y R L™ M PPO FEE" [k, NE A SR AT H PR K AR nopl 3
ooy, 3B 5 24 PPO {644, A W] BRE —E B N RIB R R . BSERET NS, R B RERE
HEREF SRR T , RIUG A BORIENE, 485 R R R, R SR, #4 FI T30 PPO RIS , AT
FERR STR RN, AL, S5 NA S 3 BT S 24kl PPO &P M M 7 ik , LB & ot
RO RERE o

temperatures and relative humidity
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